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of detenrdning the position of a feature within an 

-■^27—— — — — 

an aircraft structure. 

xrrrrrrr. 
— =r.r^:— — — 

linear viable differentia, transformers 0^ - ^ ta 

— r h ;r: m or — — 

the monitoring of large structure, However, mems to place oue or 

— i^21Ti.«i— 

m0 re parts of the equipment, or sensors, m duect con Additionally , 
or tested. This is not practicat for some ^e or s^U J— ^ ^ 

— r — --r::;:"— t si _ « , 

environments having chemicaUy corrosive atmospheres. 
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cioles often bemg phys to ^ suoh know geometrical features, 

using such prior art video monitoring systems. 

An area - which 1, la oeneriola, to — - ' 

aerospace industry. Aircraft are desi§ne ^*° ™^^ s ma y be ascribed 

m ay be ace— flight hours at a raucb greater ^ — 

accounted forlnthe design process and " " Costs 

— ^ L ^eat economic cos.. Ue operators 

te airfiame has occurred teachng to loss hfe an gr ^ ^ 

seek to reduce DOC and one way of doing thrs wonld be to carry 
ataaft on an as-raquirad basis rather thantoafixed schedule. 

roon i t ored so that the condition of the ahcraftts = ^ ^ Mtm 
airframe's response to flight loads ana approac hes have been 
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, . ^dother^ors.Whastthlsensorsarevery^tiveatreportinglocal 
accelerometers and other sensors, w graft's structural 

response. Equally, to use t&ese PP aircraft This has negative cost 

aircraft. 

- * rtw. nresent invention there is provided a method of 

determining the positron of a feature wi to 
pixds> the method eomprisms determining an *. rf 

^thmafmcdonofapixel.tr— 

^ iuitial estimated position m d the pixel patron rs an inte^ v* . 

• . f the nosition of the translated feature within the image to wi 
tother eshmate of the position ot rf ^ 

a.d hnage using a predetermined eorrelatio n fun^onte ^ J , , 

feature within me image to me nearest pixel, —^ position and fitting the 

L UKning point, whereby the position corresponding to the determined 
provides the position of die feature to within the faction of the pixel. 

than the pixel positions. 
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that said feature is substantially in 
normalised greyscale correlation function. 



least once. 



, , of A. present invention there is provided a method of 
According to a second aspect of ^ ^ „ _ wo 

measuring dimensional changes m an object, the m ^ ^ 

another, determining tire posnron of the object wrtiun ^ ^ 

4. first aspect of tire present invention, and companng the determme 
object to determine any dimensional changes. 

.ocordingtoatinrdas^oftirep^ — 

inragea^detemnnethe 

present invention. 

displaythec^hnageandobjeotselectionmeans^^ 

v t of the present invention there is provided apparatus for 
According to a fourth aspect of the pms _ ^ ^ 

meeting dimensions. ^ ^^J^ encompassing an objec, each 
device arranged to sequentially provide p nr flrraneed to sequentially receive 

i t -K, «-f nivels an image processor arrangea to se^ 
image comprising a plurality of pixels, an im g p 
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de ternuned relative positions of each image capture dev.ce. 

According to a - _ - - ^J^J^^Z 
measuri ng 3-dimensional changes in an 0** «- ^J^ tecaptori ^ at least 

^ images of the object with each nnage positi<m of te object 

. aifferent time „ one anotirer; J—, ^ ^ rf fc p _ t 
^fifin each image in accordance wrth the me ^ ^ ^ 

mention; caicniating tire 3— P- -Jj Unship „ f ^ taage captor e 

aeterminingthecoordm ^^^^Cmethod comprising: correiating the image 
— comprising a P'^ Ration function to determine the coordinates 

feature and image a ptal; — the correiation taction at a 

°^ ef ^^ fteimget ° IlnTghLhood of *e determined coordinates and 
pte ahty of sub-pixe, posrtions m the ^ md gating the firrfirer taction* 
fitting the plurality of values to a further tuner. 
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u vw the coordinates corresponding to the turning point 
determine its turning point, whereby the coordinat 
C towithin sa id fraction of a pixel, 

provide the coordinates of the feature to wnruu 

rrj^rn:^— — — — " 

estimate of the feature position, 
aad/or direction of movement of me or each target. 

tnnanaeatomom.rmereMve^— ^ ^ of to 

Mg h degree of accuracy. From the data th P ^^tored. 

^sbnctores — -tZt^^-**---* 1 * 

TWoadi^canihenbeaummrfov^^ P M ^„f the deformation 

*«^»«'— — r^Lir .esLnrn. condition of the aircra, 
m different — can P-^— ^ on on fce 
F or example, momtonng wmg »d ™ QVer ^ Me of the 

^e-s response to the wing model s to provide indication 

^canbecoupiedtoahuenrralteapo^d ^ ^ ^ 

of out of specification — « J^L* *e information on the reiative 
avaiiahle to the airframe. Lastly, for a fly « Wo tire aircraft's 

di^acementsof mffemntp^ofthe^s^ ^ ^ 

flight control system so as to provide feedback 



loads. 
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* i oot twe tareets to the second portion of 

-^rr^n^r" — — — device - 

e.Hin.agecapturedeviceisdete^edbysaiap.ocessingsUp. 

4. piane of to otor targets within to — « ™^ ^ ^ rf 

This has to advantage of magnifying to movement of to tame 
(he aircraft structure to which it is attached. 

sttucture such that at least one of to targets 
capture device when viewed toough to mirror. 

a ■ ^vbeanangedtoautomaticallyidentifytotargetsasitemsof 

zrzzrz : n— , —- » - — 

obscured fom to view of to image capture devtco. 

— — . ^SSZT— -— — 

reliable light sources. Such targets nnnmu 
accuracy of the monitoring apparatus. 
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^lightguide maybe a ^Xtl^o"^ 



lighting. 



— ========= - — 

may alternatively be applied. 

, Mow by way of illustrative example 

Embodiments of the present invention are descrtbed below, by 
only, wimreferencetote accompanying figures, of winch: 

FigU res la to 1c illustrate tire choice of neigh— to the position of the hest 

..IhedpbcelforMand^neighhouringpixelsmspectrvely, 

comparison image; 

^aschematicallyinustrat es the position, errors typical of normaUsed correlation., 

^^^^^^^ 
points about the position ofabest matched pucel; 

of the present invention; 
embodiment of the present invention; 
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possible detiectionofU^ — gtoanembodim — 

the present invention; 

FiguKS 9a and » — , — — » - — of puK stor md PUre 

bending on a structure; 

Figure „ so— y »— - — ° f - ~ ^ 10 m 

t invention; and 



Figure n — « • — — ° f *" *-* m0Dit0rinS 

apparatus of Figure 7. 

_ ,. . , —^rrc"^ 

position of a feature withm an nnage. In pracoce ^ ^ ^ 

cap tured using a conventional CCD (charge ^ „ ^ . . 

eo.mected computer monitor, — mgmm - dmwn &e 
- — * m ° fflt0r r„:rr^posi«oneonespon d in g tot ll e 

position of each ~ ^ ^ geometry is known as template matching. 

Template matehmg* performed by usmg g— corre lation functions used 

teS ^T:Zr:iirS — and Buclidean 

Mude Normal^ ^ale Co- ^ ^ ^ ^ 

distance. Those stalled m the art wdl tea J Ff vine however NGC provides the 
disadvantagesofeachofthe.funotions. sueh mat ti,e term 

mos t deshahle results »d is often me — ^ 
Normalised Greyscale Correlation u often used to descnbe 
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_ nr Y^m the image. The correlation 

^ — . — - — 

feature within the image to the nearest pixel. 

»c--^^*^ ,rth V^-. - dividual pixel, with <he — ■ 
of Hgures la .o 1c each — ^ ^ ^ ^ pixe , 

shaded square 4 representing the posrdon o .^^^ Seated by the 

squ ams having bla* dots in them I**- ^ ^ . 

surrounding pixeis are fined to a funeuon, such .m ^ aythenbeestimat ed 
^-squares fitiingteehnique. ^ °^ fc ^g point since the 

♦ rinn of template matching using normalised 
A w ica, accuracy for a good mrp— - ideal colons. However, for 

eertainappUcafionssuchasthoseproposedur^-nond g fcMJC 

m0V ements of large structures, this accuracy - «£- ^ ^ 
aPProachhasan^fional^— 

andab. ,neacbofFigures2aand2b, eachm* « \ is well known, each 

^ereferencefeauneof anirnagerepresentetibyth^fiU^x ^ - 

pix e, may have a specific grayscale ^ ^^osed inltiaUy of a series of 
whi( e. J^'.-^r. ^captured, or comparison, 

pixe ,s of the same greyscale, e '^ bl ^ fexacflyanintegernOTb er of pixels, dren the 
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• «e m due to the movement across pixel boundaries of the reference 
This difference m pattern due to the m ^ ^ 

m omtorme(X,Y)posmontoaleve ofa y m ^ ^ oveI a 

the reference feature of interest . displaced by a known 

series of frames, the level and type of error between *. nonnaUsed 
c^farionapproachgeneratesbomrandomands^^ ^ ^ 

presents the trueXorYposrhon e NGC approach . It can be seen 
Hsbowfhed^pom.thatmt^ea^J ^ ^ ^ ^ 

tat the discrepancy between actual and «*m« P ^ 

^^-^Itrd^t^-e^me^sht 
and a systematic error represented by the deviat. 

to ^.tmsbeingtypicalofmeresultsoffheKGC approach. 

;^r:;=— rand 

P , vethe maximum resolution, 

of the reference feature of interest to give 

.embodimentsof.epresent— ^.J^— ^JSE 
aP^suchmatmesumofthepixel — 

suh-pixelposirion is an integer valu , That stosay J ' ^ 
ft. pixel array may be shifted by -V, a w , fcX ^ and 

dhection. Alternatively.fhepixe, army maybe .^^ ^^^d be such 
4K a pixel in the Y direction. Usually the choree of dnecuon 
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„ ^tude of the translation. It wfflaUo be appreciated that the 
*> as "minimise ThisisUlustratedinFigure4. ■ n -* d - d 

16 represents the initial pixel array, wnu estimate. The 

DY as shown in Figure 4. The resampi ^ 
feata re - *. — — I " M eachphtelhas 

— — t Ti^on function is then —tea at the host 

black or white it remains so. The correi regulated. 



sub-pixel estimate. 



• thieved by taking the N neighbouring samples of 
A further improvement in accuracy is achieved by tokmg ^ ptol 

^correlationfimctionatsub-pixei positions. ^»™J at „ real valu ed 
val ues may be derive* and the correlation ^ «*- ' g ^ 24 

— -^—^rr^-. Thereto 
respective neighbouring sampled points are P ^ to 

-* - — ° f — r — — - - -< - * - n 

fitted may better appmxnnate the tme co, ^ to ^ if 

Additi onauy or .tematively, to furtiier refine the £ ^^^I 
ret erencefeature of intense is made ofaknownS 

, i n ^ ™»« these techniques create a single, mgu 

two or more similar images, inep / combined using 

sub-pixel accuracy. Tne information present m the aligned images 
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more pixels than any of the originals). 

. ♦ ^rate a high resolution representation of the feature. 

above fte posmon of ft. *-» • ^ reg tstrat,on 

can be more aecurate st.ll The tag ^ o{ a feataie to be 
the feature translation used m refimng the uutia! 
accomplished to a higher accuracy. 

Resolution techniques as generally the mom m of this technique 

possible wiftmuch more costly higbpixel count—. 

rro.ti.^KGC^nnpro^ — «" 
.e sys.matic errors. — „ fc same level of 

strain gauges or LVDTs. 

m m etrol OE y equipment constituting an embodiment of 
6 Sh0WS ' t ^aviltarget^mar.cedftereon.isplaced 

the present invention. Atest sample 22 havmg avr « ^creasing tensile load 

latest machine 26. The test machine is arranged to apply a slowly 
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«. 98 is arranged to monitor the test sample 22 at the 
to detest sample 22. A .dec canwa 2 ^ ^ ^ ^ 



or feamre from a «*— recerved ^ ^ of fte « 

positions anew any dimensional changes, ^ ^^^^ reived 

fto m the video camera 28 may be each vrdeo frame, or may 
time as is appropriate. 

^rrjr-n- — — - — - 

manufacture. 

m e«rology approaches of the pnor P ^ „ ^ ^ 

by conventional extensometers or sham g ^ ^ on samples , 

^^cmgh — targ.geom^ ms „ of ^rget geometry and 
thus avoiding problems with applying targets. 
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„ i ,„ he tested, permit&ig Ml advantage to be taken of the 
contrast allows very smaU samples to be tested, pe 

scale insensitivity inheront in video metrology. 

■ t nWiments of the present invention discussed herein is 
— — - t "-^2 * chaies and test samples undergoing 
^ precision measurement of drmena «- g^ ^ ^ ^ 

^ ( — r* ^ J as bridges and buildings, precision 
storing of civil -J^ ^ fc „ ent of 

pl acement of articles such as nucrocmps . P ^ ^ ^ 

to be able to obtain precision movement data in tare 
potential fields of application. 

« - — » - rrr™,™^ 

the two targets are provided by the camera ^ ^ 

eo^fly determined by the computer and converted real 
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or twisting, of ihe fuselage. 

v. «nA bending and illustrates how these 
o .dQbshowthedifferencebetweenshearandbendrng fb0 

Figures 9a and 9b snow m Fie ^ e 9a shows pure shear, in 

46 . and 46" remains unchanged. ^ ^ to two targets change*. 

Une S 50,52arenolongerparaflel,sothed,st 

• (Vfficuit to readily detect. 

-—-rJ'" :«-*>«•<« 

u - bending deformations is to mount an 
M .temndve way of separating out ^ ^ 40 W view it in a mirror 62 

mou „ted m the same piane as to target * £ ^ ^ ^ drformatI on 

=s=: ■-«—- — 

iets Lost, f or exampie, by — of providing redundant da. 
^uumber of targets than two v,ou!d be of*m ^ ^ ^ be 

Luneis, and of Umitmg ~ - - mW "** " ** 

piaeedbacttobaCinfixedre^^^ ^ t cabi „ to provide an unambiguous ptcmre 

L^vdmtargetsateacbendof ^ fonn o{taIg et and 

of to totaiity of *e deflections m th P ^ ^ ^ ^ „ f 

^ carrier is an *— - pan^on ^ ^ ^ ^ ^ 

^erentiai fliumination. LEDs or ^ ^ mumtodo n on to 
Sueb targets — "* ^rotorsuib.ie^nwaisobeused Por 

^oftbemonitoringflmebon. Ho^ ^ ^ ^ ^ ^ fM 
multi eab» aircraft eaob cabin may be momto 
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• rion of Hie overall structural response of the 
noting may * identified by an — * ^ fc „ „ to 
airframe. Equally, 1he cameras and targets may 
^esimilar^on^rudderortaildeflecuons. 

incorporates me camera^, targe,, hght ^^fce cargo 

lighting. 

c « that the overall dimensional 
^ monitoring Amotion takes place in the imag^ ^ ^ fc 

„ ^^"^^ Retarget and a conventions., low cos, 
provenresolution betiermsn 0.005 prxetefora gi a ^on of 1 part in 

oamera will have an image field of more than 500 prxels, gr 
100,000. 

le of the potential sensitivity of the measurement of sectoral 
From these fignres an example of the poten ^ ^ , 

^nse can he calculated. If J ta aetected are of the 

physics! size of tOOmm square the deflections of g ^ ^ ^ 

order of 1pm. If the initial distance between ^ ^ ^ „ ^ 
to the angola, deformation in the torsmnal ^ rf q ^ ^ 

targ^isoffl^orderofO^Pma^gem^^ slessttan 

„ handing, the appamnt change in drstance „ ^ . ^ in 

0.1pm, which is no. resolvable. However.it ^ adimen si„nal offset 
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n , u a in chine on a translucent screen, with that laser 
11 t tjf» isnser could be used to shine on a ucu^ 
structure, a small LED laser couia + , nn u be as ereat as required without 



•+4 ™ nf the tareet can be measured in 
3D. A single camera is sufficient*, measure the 3D port 
that has 3 or more targets attached. 

For - P— airframe the — stmctumi ^J^Jj 

^ of a different iens sysKm to provide art appropn^ * «^ 

^ --ac^Wtheg^sv^^^^^ ^ 

^puter system and events that exceeded a for 

aienveiopecanh.ms.ntlydetee^.otngger.emedralachons. 



